Fluctuations in the numbers of visitors directly affect the rates of return on tourism business activities. Therefore, maintaining a firm grasp of the relationship between the changes in the numbers of Chinese tourists and international travellers visiting Taiwan is conducive to the formulation of an effective and practical tourism strategy. Although the topic of international visitors to Taiwan is important, existing research has discussed the issue of the travel demand between Chinese tourists and international travellers visiting Taiwan. This paper is the first to examine the spillover effects between the rate of change in the numbers of Chinese tourist arrivals and the rate of change in the numbers of international traveller arrivals. Using daily data for Chinese tourists and international travellers visiting Taiwan over the period from 1 January 2014 to 31 October 2016, together with the Diagonal BEKK model, the paper analyses the co-volatility spillover effects between the rate of change in the numbers of international travellers and the rate of change in the numbers of Chinese tourists visiting Taiwan. The empirical results show that there is no dependency relationship between the rate of change in the numbers of Chinese tourists and the rate of change in the numbers of international travellers visiting Taiwan. However, there is a significant negative co-volatility spillover effect between the rate of change in the numbers of Chinese tourists and the rate of change in the numbers of international travellers. The empirical findings suggest that Taiwan should abandon its development strategy of focusing only on a single market, namely China, and to be pro-active in encouraging visits by international travellers to Taiwan for sightseeing purposes, thereby increasing the willingness of international travellers to visit Taiwan. Moreover, with the reduction in the numbers of Chinese tour groups visiting Taiwan, and increases in the numbers of individual travellers, the Taiwan Government should change its previous travel policies of mainly attracting Chinese tour group travellers and actively promoting in-depth tourism among international tourists, by developing tourism that focuses on the special characteristics of different localities. In this way, the government can enhance the quality of Taiwan's tourism, and also attract travellers with high spending power.
Introduction
With the rising tide of globalization, international exchanges and interactions are becoming increasingly frequent, and the international tourism industry is developing more and more rapidly. Taiwan's particular terrain and superior geographical location have led to a rich and varied natural landscape and ecological resources, together with a unique scenery and culture. According to the Travel and Tourism Competitiveness Report published by the World Economic Forum (WEF) in January 2017, Taiwan was ranked 30 th overall among 136 countries and areas in terms of the Travel and Tourism
Competitiveness Index (which encompasses an "enabling environment", "travel & tourism policy and enabling conditions", "infrastructure" and "natural and cultural resources"), 16 th in regard to its ground and port infrastructure, and 28 th in terms of its safety and security. (or growth rate of 0.5%), leading to an increase in capital investment of NT$5.9
billion (representing a growth rate of 1.5%), and accounting for 2.6% of employment opportunities (up by 4.0%) (WTTC, 2017) . In addition, with the huge increase in the numbers of Chinese tourists visiting Taiwan, the ability of Taiwan's tourism industry and the local environment to handle and support so many visitors has gradually been surpassed. It has also led to controversies and rumors that the quality of tourism in Taiwan is deteriorating, and driving other international travellers away from Taiwan. Therefore, although the data show that the numbers of international travellers visiting Taiwan has been increasing on an annual basis, the foreign exchange earnings from sightseeing tourism have exhibited a downward trend since 2015. As the numbers of tourists from China have declined, the numbers of tourists in the major sightseeing spots have also fallen which, in turn, seems to have had an impact on the businesses surrounding the tourist attractions.
According to the "Survey Report on Visitors' Expenditure and Trends in Taiwan" prepared by the MOTC's Tourism Bureau, the average spending per person per day for travellers visiting Taiwan has been the highest among tourists from Japan, followed in second place in terms of spending by Chinese tourists. However, spending by Chinese travellers accounts for roughly one-half, on average, of total tourism expenditure in Taiwan, so that they are ranked first in terms of overall expenditures among international visitors to Taiwan.
In terms of the items that are consumed or purchased, there are differences in consumption characteristics between Chinese tourists and other international travellers, in that international tourists tend to attach greater importance to leisure and culture, and exhibit a relatively strong demand for quality accommodation and surrounding facilities. For example, expenditure on hotel accommodation by tourists from Japan, USA and Europe accounts for between 45% and 50% of their total tourism expenditures. Travellers from South Korea and Singapore spend about 40% of their total travel expenditure on hotel accommodation, with purchases of mostly local products and specialty products accounting for the major share of their expenditure. In addition, spending on food and entertainment by Japanese travellers is much higher, on average, than for visitors from other countries, indicating that Japanese tourists are more willing to pay to experience Taiwanese food and culture.
On the contrary, Chinese tourists are less demanding when it comes to the quality of accommodation and eating. In terms of their shopping expenditures, in addition to purchasing local products and specialty products, Chinese tourists spend a large proportion of their money on fine clothes, jewellery, jadeware, and cosmetics and perfumes (Taiwan Tourism Bureau, 2017 Applying quantitative finance methods to issues in the tourism economy, and analysing the risk and volatility in relation to the different groups of Chinese tourists and international travelers, is helpful in understanding the impact of changes in the number of tourists visiting Taiwan on the Taiwan economy. The empirical findings in this paper can serve as a useful reference to the Taiwan Government for its policy-making regarding tourism in the future.
The remainder of the paper is organized as follows. Section 2 presents a literature review of tourism spillover effects. Section 3 discusses the models, including the fundamental equation in tourism finance. The variables and data are described in Section 4. Section 5 provides an analysis of the empirical results. Some concluding comments are given in Section 6.
Literature Review of Tourism Spillover Effects
Spillover effects, which are widely used in research in empirical finance and cognate disciplines, measure the transfer of risk between financial products, thereby helping investors to forecast their returns vis-à-vis risk and allocate their investment products optimally. The changes in the numbers of international travellers in the tourism market are just as uncertain and risky as are the changes in the returns in financial markets. In the past, conditional volatility models have been used in tourism finance to analyse the changes in the numbers of tourist arrivals. In this section, we discuss the issues surrounding spillover effects in relation to the risks associated with tourism revenues. There is also a significant negative risk spillover effect between tourism growth in Cyprus and its country risk premium. There is, however, no risk spillover effect between Malta's tourism growth in Malta and its country risk premium.
In relation to SITEs, Shareef and McAleer (2008) and USA visiting Turkey also increase. However, no such risk spillover effect is found to exist between tourism demand and exchange rate on the part of travellers from the UK.
In another study that also examines the spillover effects between tourism demand and the exchange rate, Yap (2012) uses data covering the period from January 1991 to January 2011 based on the number of visits by travellers from China, India, Japan, Malaysia, New Zealand, Singapore, South Korea, UK and USA, and monthly exchange rate data for each currency relative to the Australian dollar. The risk spillover effects are estimated using the CCC, VARMA-GARCH and
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VARMA-AGARCH models. The empirical results show that the persistence of the impact of exchange rate shocks on tourism demand gradually decrease over time, and that there is only a weak relationship between the exchange rate and tourism demand.
These empirical results indicate that tourism demand on the part of travellers to
Australia is affected only slightly by exchange rates.
In evaluating how a country's geographic location might influence the spillover effects for inter-regional tourism demand, Balli et al. (2015) use a multivariate GARCH model to estimate the risk spillover effects. The authors analyse the inter-regional spillover effects for inter-regional tourism demand for New Zealand's main tourist attractions (Auckland, Wellington and Canterbury), and 32 of New Zealand's regional tour organizations (RTOs), for the period from January 2007 to May 2013. They use variance ratios to estimate the impact of the fluctuations in tourism demand for these major tourist attractions on the fluctuations in the demand for tourism among the RTOs. The empirical results show that the inter-regional spillover effects of the major tourist attractions and the RTOs in New Zealand are significant, and also indicate the size of the impacts. In addition to the proximity of geographical locations, the paper also examines whether there are scheduled flights between the RTOs and the major tourist destinations that might also impact the inter-regional spillover effects between two different regions.
In a further study on the inter-regional spillover effects for international tourism demand in Australia and New Zealand, Balli and Tsui (2016) This is likely to have adverse effects on Australia's tourism market.
From the research findings presented above, it can be seen that the analysis of spillover effects in the context of tourism-related issues has focused mainly on tourism spillover effects between different countries, cities or regions, in order to explain the changes and interrelationships in tourism demand among countries, cities or regions. In this paper, the issue of the impact of volatility in tourism demand between Chinese tourists and other international travellers visiting Taiwan is discussed in terms of changes in the rate of growth of tourist arrivals and their corresponding volatility. In what follows, we briefly introduce the multivariate conditional volatility model specification that will be used in the empirical analysis.
Model Specifications
In order to capture volatility spillover effects, numerous papers in empirical research use multivariate conditional volatility models to estimate conditional covariances. The most widely used models include the constant conditional correlational (CCC) model of Bollerslev (1990) , the Baba, Engle, Kraft, and Kroner (BEKK) multivariate GARCH model of Baba et al. (1985) and Engle and Kroner (1995) , the dynamic conditional correlation (DCC) model of Engle (2002) , the vector ARMA-GARCH (VARMA-GARCH) model of Ling and McAleer (2003) , and the
VARMA-asymmetric GARCH (VARMA-AGARCH) model of McAleer et al. (2009).
For further details these and other leading multivariate conditional volatility models, see McAleer (2005) and .
Despite the popularity and wide use of multivariate conditional volatility models in empirical finance, there are theoretical problems associated with virtually all of them. The CCC, VARMA-GARCH and VARMA-AGARCH models have static conditional covariances and correlations, which means that accommodating volatility spillovers is not possible (see McAleer et al., 2008) . Moreover, the Full BEKK and DCC models have been shown to have no regularity conditions, and hence no asymptotic properties of consistency and asymptotic normality (for further details, see McAleer and Hafner, 2014; McAleer, 2018) . Therefore, this paper uses the Diagonal BEKK (DBEKK) model to estimate the volatility spillover effects as DBEKK has known regularity conditions and asymptotic properties.
In Section 3.1, we discuss the DBEKK multivariate conditional volatility model (for further details, see McAleer et al. (2008) , Chang et al. (2015) and ; for univariate conditional volatility models, see Engle (1982) , Tsay (1987) , Ling and McAleer (2003) , McAleer (2014) , and Chang and McAleer (2017) 
Diagonal BEKK Model
The multivariate extension of the univariate ARCH and GARCH models is presented in Baba et al. (1985) and Engle and Kroner (1995) (see also Chang and McAleer (2018)). The multivariate extension of equation (1) can remain unchanged by assuming that the three components are each × 1 vectors, where is the number of financial assets, as given below:
where = ( 1 , … ) ′ , and
For establishing volatility spillovers in a multivariate framework, it is useful to define the multivariate extension of the relationship between the return shocks and the standardized residuals, as follows:
(2) where = (ℎ 1 , … , ℎ ) is a diagonal matrix comprising the univariate conditional volatilities, and is an × 1 vector that is assumed to be for all
The conditional correlation matrix of as , which is equivalent to the conditional correlation matrix of , is given by . Therefore, the conditional expectation of equation (2) is defined as:
Equivalently, the conditional correlation matrix, , can be defined as:
Equation (3) is useful if a model of is available for purposes of estimating , whereas equation (4) is useful if a model of is available for purposes of estimating . As the elements of are consistent and asymptotically normal, the consistency of in equation (3) depends on consistent estimation of , whereas the consistency of in equation (4) depends on consistent estimation of . As both and are products of matrices, with inverses in equation (4), neither the QMLE of nor of will be asymptotically normal, based on the definitions given in equations (3) and (4). In short, the asymptotic properties are unknown.
In order to derive the DBEKK model, McAleer et al. (2008) used an extension of the Tsay (1987) univariate RCA process, namely the vector random coefficient autoregressive process of order one, which is given as:
Φ~ ( If A is a full matrix, the Full BEKK model cannot be derived from any known underlying stochastic processes, which means there are no regularity conditions and hence also no valid asymptotic properties of QMLE of the associated parameters, except by assumption (for further details, see . Moreover, as estimation of the Full BEKK model involves 3m(m+1)/2 parameters, the "curse of dimensionality" will be likely to arise, which means that convergence of the estimation algorithm becomes problematic and less reliable when there is a large number of parameters to be estimated (for further details, see .
Therefore, in the empirical analysis, in order to investigate volatility spillover effects, the DBEKK model will be estimated. McAleer et al. (2008) show that the multivariate extension of GARCH(1,1) from equation (5) is given as the diagonal BEKK model, namely:
where and are both diagonal matrices, with > 0 for all = 1, ⋯ , , � � < 1 for all = 1, ⋯ , , and −1 −1 ′ is an × matrix.
McAleer et al. (2008) prove that the QMLE of the parameters of the DBEKK model are consistent and asymptotically normal, so that standard statistical inference on testing hypotheses is valid. Moreover, as in (6) can be estimated consistently, in equation (4) can also be estimated consistently.
Testing Co-volatility Spillovers
Chang et al. (2015) show that the DBEKK model permits a test of co-volatility spillover effects, which is the effect of a shock in commodity at − 1 on the subsequent co-volatility between and another commodity at . Given the DBEKK model in equation (6), the subsequent co-volatility must be between commodities and at time . This leads to the definition of a co-volatility spillover effect as:
As > 0 for all , a test of the co-volatility spillover effect is a test of the significance of the estimate of , as , −1 ≠ 0. The null hypothesis ( 0 ) and the alternative hypothesis ( 1 ) are as follows:
If 0 is rejected, there is a spillover from the returns shock of commodity at time − 1 to the co-volatility between commodities and at time that depends only on the returns shock of commodity at time − 1.
It should be emphasized that the returns shock of commodity at time − 1
does not affect the co-volatility spillover of commodity on the co-volatility between commodities and at time . Moreover, spillovers can and do vary for each observation − 1, so that the empirical average co-volatility spillovers will be presented, based on the average return shocks over the sample period.
Fundamental Equation in Tourism Finance
McAleer (2015) developed the fundamental tourism finance equation to connect the growth in the number of tourists and the returns on the associated tourism financial asset. In this paper, we use the fundamental equation to derive the relationship between the change rate of tourist arrivals and the financial (tourism) returns, which is derived from:
Consider equation (9) where total daily tourist expenditure, , is equal to the daily total number of tourist arrivals, , times the daily average expenditure by tourists, . Taking the first difference of equation (9) will lead to equation (10), as follows:
where ∆ = − −1 is the change in total daily tourism expenditure, ∆ = − −1 is the net daily tourist arrivals, and ∆ = − −1 is the change in the average daily expenditure by tourists. As there is little empirical evidence to suggest that the daily average expenditure by tourists changes on a daily basis (for further details, see McAleer, 2015) , ∆ in equation (10) can be approximated by zero, in which case it follows that ∆ = ∆ holds approximately.
Using the lagged version of equation (9) to divide the left-hand side of equation (10) by −1 and the right-hand side of equation (10) by −1 , leads to:
where ∆ / −1 is the change rate of total daily Chinese tourism expenditure, which is the most widely used measure of financial returns in investment finance. This can be interpreted as tourism financial returns, so that ∆ / −1 is the net change rate in daily tourist arrivals.
Equation (11) is the fundamental equation in tourism finance, which shows the changes in daily returns on total tourism are approximately equal to the net change rate in daily tourist arrivals. Therefore, we use the change rate of tourist arrivals as being equivalent to the change rate of total daily Chinese tourism expenditure for purposes of the empirical analysis.
Data and Variables
Daily data for the arrivals in Taiwan The formula used to calculate the rate of change in the total number of tourists each day is = ln( / −1 ) × 100, where is the rate of change in the number of tourists entering Taiwan in period t, and and −1 are, respectively, the 20 numbers of passengers arriving in Taiwan in periods t and t-1, respectively. Each variable is described in Table 1 .
[ Table 1 goes here] showing that the distribution has a high narrow peak, with the possibility of extreme observations. The Jarque-Bera statistic shows that none of the rankings match a normal distribution. The sequences for the three types of Chinese travellers also have the characteristics of a right-skewed distribution and high narrow peaks, and none of them seems to have a normal distribution.
[ Table 2 goes here] Figure 3 depicts the trend in terms of the numbers of tourists, and the trend in the rate of change in tourist numbers. From the numbers of tourist arrivals, it can be seen there will generally be higher numbers of visits by international travellers during the New Year holidays, whereas the numbers of Chinese tourists (especially Group-type and Individual-type tourists) have seen remarkable growth during the times when China has public holidays. This is especially the case during the Chinese National holidays (1-7 October) and the Chinese Lunar New Year holidays (31 January -6 February, 2014 , 18-24 February 2015 , and 7-13 February 2016 .
[Figure 3 goes here]
In addition, the numbers of Chinese tourists (especially Group-type travellers) have markedly declined since the change in government in May 2016. The trend for 21 the rate of change in the numbers of tourists depicted in the second column is similar to that in the first column. The fluctuations in the numbers of both Group-type and Individual-type Chinese tourists are larger during the Chinese public holiday periods, especially during China's National holidays (1-7 October). However, the fluctuations in the numbers of Medical-type Chinese tourists exhibit a persistent volatility clustering effect.
Following the above financial analysis, we seek to determine whether the sequence of variables is characterized by stationarity, using the Augmented Dickey-Fuller (ADF), Phillips-Perron (PP) and Kwiatkowski-Phillips-Schmidt-Shin (KPSS) tests for the existence of a unit root. The results in Table 3 show that the sequence, , for the daily data on the rate of change in the number of visitors to
Taiwan exhibits stationarity properties.
[ Table 3 goes here]
Empirical Results
This paper has analysed the dependency relationship between Chinese tourists and international travellers visiting Taiwan, and has estimated the risk spillover effects by using the DBEKK model that has mathematical regularity conditions and valid asymptotic properties. In order to understand the effects of the interactions between the different types of Chinese tourists and international travellers, we have disaggregated the total Chinese tourists into Group-type, Individual-type, and
Medical-type Chinese tourists. We analyse the dependency relationships between each of the three types of Chinese tourists and international travellers, as well as on the risk spillover effects among these various groups.
Granger Causality and Co-volatility Spillovers Between Chinese Tourists and

International Tourists
The upper half of Table 4 [ Table 4 goes here]
The lower part of Table 4 presents the estimated risk volatility spillover effects of the DBEKK model. The estimated parameters in matrix A in the second column (0.483, 0.408) are significantly different from zero at the 1% significance level, indicating that the respective impacts of the rates of change in the numbers of tourists in the previous period, whether visiting Taiwan from China or from other countries, on the rates of change in the numbers of such tourists in the current period, both exhibit significant co-volatility spillover effects. Table 5 reports the means of the impact of tourists visiting Taiwan on tourism revenue, and Table 6 reports the co-volatility spillover effects. For example, the average co-risk volatility spillover effect of on ( and ) is -0.081, while the average co-volatility spillover effect of on ( and ) is -0.100., both of which are negative.
[ Tables 5 and 6 go here]
Granger Causality and Co-volatility Spillovers Between Three Types of Chinese Tourists and International Tourists
The upper half of Table 7 reports the interdependency relationships between the rate of change in the numbers of the three types of Chinese tourists visiting Taiwan ( , , ) and the rate of change in the numbers of international travellers ( )).
There is evidence of a significant negative Granger causality relationship in terms of the impact of the rate of change in the number of international travellers in the previous period ( (−1)), and the rate of change in the number of Medical-type tourists in the current period ( ). There is also a significant positive Granger causality relationship in terms of the impact of the rate of change in the number of Individual-type travellers in the previous period ( (-1)) on the rate of change in the numbers of Group-type tourists in the current period ( ).
There is a significant negative Granger causality relationship in terms of the impact of the rate of change in the numbers of Medical-type tourists in the previous period ( (−1)) on the rate of change in the numbers of Group-type tourists in the current period ( ), as well as on the rate of change in the numbers of Individual-type tourists in the current period ( ). In addition, a positive Granger causality relationship is found to exist in terms of the impact of the rate of change in the numbers of Group-type tourists in the previous period ( (−1)) on the rate of change in the numbers of Medical-type tourists in the current period ( ).
The lower part of Table 7 presents the results for the risk volatility spillover effects between the rates of change in the numbers of each of the three types of Chinese tourists ( , , ) and the rate of change in the number of international travellers ( ). The second column of the table shows that the estimates of matrix A (0.267, 0.389, 0.210, 0.298) are all significantly different from zero at the 1% significance level, indicating that the impact of the rate of change in the numbers of tourist arrivals in the previous period, whether Group-type, Individual-type, or Medical-type tourists from China or travellers from other countries, is significant in terms of the co-volatility spillover effects on the rate of change in the numbers of tourists in the current period.
[ Table 7 goes here]
The results for the average co-volatility spillover effects are presented in Tables 8   and 9 . Table 8 reports the mean values for the impact on tourism receipts from travellers visiting Taiwan, while Table 9 reports the co-volatility spillover effects. For example, the average co-volatility spillover effect of on ( and ) is -0.020, and the average co-volatility spillover effect of on ( and ) is 0.003. In comparing the two, we obtain the spillover effect of the absolute value. The impact of on ( and ) is greater than that of on ( and ). In addition, the co-volatility spillover effect in terms of the impact of on ( and ) is -0.036, but the co-volatility spillover effect in terms of the impact of on ( and ) is 0.004. In comparing the two, we obtain the spillover effect of the absolute value. It is also found that the impact of on ( and ) is greater than that of on ( and ). The co-volatility spillover effect in terms of the impact of on ( and ) is 0.012, while the co-volatility spillover effect in terms of the impact of on ( and ) is 0.002.
[Tables 8 goes here]
The last column of Table 9 shows the risk volatility spillover effects between the rates of change in the numbers of each of the three types of Chinese tourists. The co-volatility spillover effect of on ( and ) is -0.032, while that of on [ Table 9 goes here]
Conclusion
Since 2008 when Taiwan relaxed its Cross-Strait tourism policy, China has quickly become the largest source of international tourists visiting Taiwan.
Consequently, China has also become the major country affecting the development of In considering the interactions between the three different types of Chinese tourists described above, and international travellers, the empirical results show that a 2. * denotes rejection of the null hypothesis at the 1% level of significance. Table 4 Diagonal Table 6 Average Co-volatility Spillovers between Chinese and International Tourists 2. * and ** denote significance at the 1% and 5% levels, respectively.
Standard errors are in parentheses. Table 9 Average 2. * denotes significance at the 1% level.
